Inactivation of germicidal activity by hard water has been reported by a number of investigators (Armbruster and Ridenour, 1949; Dvorkovitz and Crocker, 1950; Mueller and Seeley, 1951; Chambers et al., 1955) . Both synthetic and natural hard waters have been studied in attempts to determine more precisely the characteristics of inactivating systems. In general, it appears that the interference is a result of many factors interrelated in a complex way (Armbruster and Ridenour, 1949; Seeley, 1951, Chambers et al., 1955; Klimek and Bailey, 1956; Meggison and Mueller, 1956 ). However, hardness caused by certain ions, particularly calcium, magnesium, and bicarbonate, is believed to be of greater importance than total hardness (Armbruster and Ridenour, 1949; Mueller and Seeley, 1951; Chambers et al., 1955) .
Most studies of this type have been concerned primarily with the deleterious effects of hard waters on the sanitizing properties of quaternary ammonium compounds. Only rarely (Dvorkovitz and Crocker, 1950) has attention been paid to other types of antimicrobial agents; phenolics have been especially neglected. Also, no attempt has been made to study possible hard water inactivation of surface disinfectants using a performance test.
Recently, the Square-Diluent method was developed at this laboratory for testing disinfectants under conditions of use simulating floor disinfection (Stedman et al., 1954a, b) . This technique has been used to study the efficiencies of different types of disinfectants on various inanimate surfaces (Stedman et al., 1954b (Stedman et al., , c, 1955a and the physico-chemical forces involved in the disinfection of such materials (Stedman et al., 1955a interdigitale); the inoculum is spread and dried; the contaminated surfaces are exposed to disinfectant dilutions for 10 mi at 20 C; and the survivors are recovered quantitatively in differential media. In the present work, stainless steel squares were contaminated in the prescribed manner, but only recovery of M. pyogenes var. aureus was attempted. In some instances, the effects of 10 per cent normal horse serum on the over-all patterns of activity were also investigated.
The synthetic hard water described in Military Specification MIL-D-11309A (Disinfectant, Chlorine, Food Service)4 was employed in making the disinfectant dilutions. This particular hard water was chosen since it possesses moderately high hardness (equivalent to 328 ppm CaCO3), contains the important calcium and bicarbonate ions, and is a standard hard water of accepted military significance. In this work, the hard water was freshly prepared for each experiment and aseptically handled, but not sterilized, in order to avoid decomposition of bicarbonate by heat.
The effects of the hard water on the antibacterial activity of representative disinfectants were studied in the presence and absence of serum. Four phenolics (designated W, X, Y and Z) and three quaternary ammonium disinfectants (M, N and DetergentSanitizer) were employed. A number of replicate tests were performed with each formulation, and final end points were obtained by averaging the percentage reduction for each level of disinfectant concentration. Two end points were calculated for each germicide: the highest percentage reduction obtainable with the method, 99.99 per cent, and a lower one, 99.9 per cent. The former end point can be considered the requirement for disinfection; the latter end point was included to note possible inactivation at weaker germicidal dilutions where such an effect might be more evident (see Discussion (Stedman et al., 1955a It is of interest that Phenolics X and Y, which show a greater tendency to be inactivated than the other formulations, have been found in past studies to retain less activity on changing from a nonporous to a porous surface than the other phenolics. With a single exception (detersive activity of Phenolic Y), these two formulations also have relatively weak physicochemical properties of surface tension depression, spreading wetting and detergency. Perhaps these and related properties also play a significant role in determining resistance to hard water inactivation.
SUMMARY
Representative phenolic and quaternary ammonium disinfectants have been tested for possible inactivation by a synthetic hard water of accepted military significance using a test procedure previously developed at this laboratory. The antibacterial activities of the disinfectants are not deleteriously affected by the test water when used at concentrations which insure disinfection in the definitive sense.
